B u çalışmada klortalidon ve terbütalin ilaçlarının pK a değerleri sulu çözeltileri içinde hesaplanmıştır. B3LYP hesaplamaları ile 6-31+G(d) temel setinden faydalanmak amaçlanmıştır. Hidrojen bağı verici özelliği yüksek olan ve aynı zamanda klortalidon ve terbütalin için asitlik sabitlerinin hesaplanmasında teorik açıdan vazgeçilmez olan denge ve tepkimeler gösterilmiştir. Var olan türler ve su molekülleri arasındaki hidrojen bağı oluşumlarını analiz etmek için Tomasi yöntemi kullanılmıştır. Böylece klortalidon ve terbütalinin alkali su çözeltisi içerisindeki katyon, anyon ve nötr oluşumlarının, sırasıyla bir, iki, üç ve dört su molekülüyle çözünebildiği saptanmıştır. Sonraki adımda hesaplanan pK a değerleri deneysel sonuçlarla karşılaştırılmış ve kabul edilebilir bir örtüşme görülmüştür. Elde edilen veriler uygulanan tekniğin sulu çözeltilerde pK a tahminlerinde kullanışlı bir seçenek olacağını göstermektedir.
INTRODUCTION
The ability to deliver therapeutic agents to a sick in a pulsatile or staggered release profile has been a major target in drug delivery research over the last two decades. In ancient pharmacy system, due to non-real prescription of drug dose, high amount of drug consume without any profit in cardiovascular system and mean tissues till reach to point of effect and may be cause for side effects during its path. The technology can allow target delivery of drugs to different areas of the body. Therefore, drug delivery technology (DDT) is increasingly important as a component of drug development. A key issue in drug delivery system is to maximize the drug access to specific sites, and to be able to control the release of drugs, in order to maintain a desired drug concentration level for long periods of time without reaching a toxic level or dropping below the minimum effective level [1] .
Using nanotechnology, it may be possible to achieve (1) improved delivery of poorly watersoluble drugs; (2) targeted delivery of drugs in a cell-or tissue specific manner; (3) transcytosis of drugs across tight epithelial and endothelial barriers; (4) delivery of large macromolecule drugs to intracellular sites of action; (5) co-delivery of two or more drugs or therapeutic modality for combination therapy; (6) visualization of sites of drug delivery by combining therapeutic agents with imaging modalities; and (7) real-time read on the in vivo efficacy of a therapeutic agent [2] .
Diuretics are a wonderful group of compounds. There are several classes of diuretics, but all diuretics enhance the excretion of water from bodies [3] . Thiazides are a type of diuretics often used to treat hypertension and edema that these thiazides were developed during the 1950s. Although they lower blood pressure effectively, the mechanisms have confused researchers [4] . Hypertension causes devastating action all over the time. Hypertension increases to the workload of the heart and arteries. It can mar the blood vessels of the brain, heart, and kidneys. Therefore is used from Chlorthalidone (CTD) to treat hypertension [5] . Although CTD does not have a thiazidic construction, it presents the same effects of the thiazidic diuretics. It reduces the amount of water in the body by raising the flow of urine, which helps to lower arterial pressure [6] . Relievers are medicines which are specifically designed to relieve asthma symptoms by relaxing the muscle cells that surround the airways. This allows the airways to open so that air can pass more easily in and out of the lungs. Nowadays reliever medications come in two types: shortacting and long-acting. Terbutaline is in the class of Short-acting reliever medications which it can be specifically used to treat asthma symptoms. Terbutaline works as bronchodilators. In severe asthma, bronchodilators are usually given intravenously or by inhalation [7] [8] [9] .
Many drug compounds include at least one acidic and/or basic functionality, and the ionization state of these groups play a large role in determining the physiochemical properties of a compound. The pKa for a compound creates a means of specifying the extent of ionization of the compound at any solution pH. Information of a compound's pKa value plays a main role in the expansion of drug delivery formulations [10, 11] .
Aqueous pKa values are especially useful due to their environmental and pharmacological applications, because it governs solubility, absorption, distribution, metabolism and elimination [12, 13] . In recent years a number of methods employed for pKa measurements based on solubility [14] , potentiometric titration [15] , spectrophotometry [16] , HPLC [17] and, most recently, on capillary electrophoresis (CE) [18] and Liquid chromatography (LC) [19] . On the other hand, the theoretical prediction of pKa values using quantum chemical methods has attracted a great extent of interest. So now, pKa values can be predicted by computational methods on the basis of molecular structure, applying various quantum theoretical techniques. The pKa can be calculated from the energy of the following reaction:
Using the relation:
ΔG is the free energy of reaction obtained by taking the difference of the molecular free energies of the products from the reactant [20] [21] [22] [23] [24] .
Polarizable continuum models (PCM) by Tomasi and coworkers have been applied to compute free energy differences for cations, neutral compounds, and their anions. It is one of the most used and reliable continuum solvation methods [25] . On the basis of solvation free energies, the pKa values were obtained for the compounds in question by using thermodynamic equations, involving the combined experimental and computed data [26] .
The increasing popularity of quantum mechanical (QM) methods for the calculation of drug design is due to the first principle nature of QM, which should provide the highest accuracy. It is an understatement to say that the density functional theory (DFT) has strongly influenced the evolution of quantum chemistry during the past 15 years; the term "revolutionalized" is perhaps more appropriate. Based on the famous Hohenberg and Kohn theorems [27] , DFT provided a sound basis for the development of computational strategies for obtaining information about the energetics, structure, and properties of (atoms and) molecules at much lower costs than traditional ab initio wave function techniques. In DFT methods, Becke's three parameters exchange functional (B3) [28, 29] incorporated with gradient-corrected correlation functional of Lee, Yang and Parr (LYP) [30] by implementing the split-valence polarized 6-31+G(d) basis set [31, 32] have been used for the calculation of molecular structure optimization.
This article refers to the influence of factors such as the Self-Consistent Reaction Field (SCRF) model applied, choice of a particular thermodynamic equation, atomic radii used to build a cavity in the solvent (water), optimization of geometry in water, inclusion of electron correlation, and the dimension of the basis set on the solvation free energies and on the calculated pK a values. In this study, pKa values of Chlorthalidone and Terbutaline were specified in aqueous solution by an ab initio method and at a temperature of 25°C. To explain the acidic dissociation constants obtained, we investigated the molecular conformations and solute-solvent interactions of the cation, anion, and neutral species of Chlorthalidone and Terbutaline using ab initio and density functional theory (DFT) methods.
Computational Methods
All the theoretical computations were performed using CS Chem3D version 5.0 and Gaussian 98 program package [33, 34] . The initial geometry and different conformers of Chlorthalidone and Terbutaline (see Figure 1) were built with the help of the mentioned softwares by the semi empirical PM3 method. All the initial geometries and solvated molecules in water were optimized with the Gaussian 98 program packages using the B3LYP/6-31+G(d) methods and the default convergence criteria. The polarized continuum model (PCM) which is the ideal conceptual framework to describe solvent effects on all species involved in the selected ionization reaction, was used [35] . Furthermore, to shed light on the experimental pKa values of these drugs in water, several conformers were tested by the excel program, but some of the conformers were not considered further because the estimated error in its acidic dissociation constants was unacceptable. Finally, we selected the solvation of the species by means of intermolecular hydrogen bonds (IHBs) that involve one molecule of the mentioned species and some molecules of water (see Table 1 ).
RESULT and DISCUSSION
Fully protonated Chlorthalidone and Terbutaline have two acid groups and three acid groups, respectively. For Chlorthalidone, a proton can be lost from either of the two groups to give different ionized species: the loss of a proton from the first ammonium group (NH 3 + ) is most probable and from the second ammonium group (NH 2 + ) least probable. Therefore, this concept of microscopic ionization constants k 1 and k 2 may be used, where k 1 involving the first ammonium group proton is [36] : 21 ), where the subscript 12 specifies loss of proton 2 following loss of proton 1 and subscript 21 denotes loss of proton 1 following loss of proton 2.
In the case of Terbutaline, eight differently protonated microspecies exist in solution and 12 microconstants are necessary to describe the system (Figure 2 ) [37] .
Based on an earlier work by Taka´cs-Nova´k et al., it is proposed a three-step protonation scheme which is shown in Figure 3 with all free protons omitted for clarity [38] .
It must be noted that the chemical interpretation of the changes can be determined by NMR spectroscopy exactly [39] [40] [41] .
Considering the microconstants of two drugs, various reactions including cationic, zwitterion and anionic species were checked, but some of the reactions were not considered further because the estimated error in its dissociation constants was unacceptable. In the long run, the models selected for the considered system and the computed values of the dissociation constants for Chlorthalidone and Terbutaline are listed in Table 2 .
The acidic dissociation constants of Chlorthalidone and Terbutaline have been determined using the CE method [42] . In the case of Terbutaline, UV spectroscopy is less suitable for the demonstration of partitioning of the neutral form because here the uncharged species has the same spectrum as that of the cation form. Of course, potentiometry and spectroscopic methods are highly sensitive and as such are suitable for studying chemical equilibria solutions.
Solvent-Solute Interactions: Ionic Product of Water
For an ionization reaction in pure water or an aqueous solution, in which a water molecule, loses the nucleus of one of its hydrogen atoms to become a hydroxide ion (OH − ). The hydrogen nucleus (H + ) protonates other water molecules to form hydronium (H 3 O + ), immediately.
Applying law of mass action at equilibrium, the value of dissociation constant (K) can be expressed as follows:
Since dissociation takes place to a very small extent, the concentration of undissociated water molecules ([H 2 O]); can be regarded as constant.
K w is a constant at a given temperature and is known as ionic product of water. Equations 5 and 7 are frequently used in studies of acid-base equilibria in aqueous media [43] . It must be noted that the solvation of anions is effective in protic solvents where hydrogen bonds can be formed between the proton of the solvent and the lone pairs of electrons of the anion. The total energies of the single and solvated OH-ion have been computed in water at the B3LYP/6-31+G(d) level of theory, using Tomasi's model. Considering the structures of the hydroxyl ion solvated with one water and also two water molecules together, it can be concluded that the IHBs between the OH -ion and the water molecules of solvation belong to the class of moderate or strong H bonds. The calculated total energy values confirm a in significant decrease of the total energy of the OH -ion when its solvation increases [44, 45] .
According to the above content and to provide a more acceptable illustration of the protolysis of water, the reaction has been shown as follows:
The above reaction assumes that both H+ and OH -ions are hydrated with one water molecule. Also, indicating with KN1 the equilibrium constant of the reaction of Equation 8 and considering the equations 5 and 7, it is inferred that [46] : As regards, [H 2 O] is the molar concentration of water; K N1 (at 298.15 K) was calculated as follows:
With a similar trend, K N2 and K N3 (at 298.15 K) were calculated as follows:
The selected reaction considers that OH -ions are hydrated with two water and three molecules, respectively.
As a result :
Similarly, the total energies of the single and solvated Chlorthalidone (cationic, neutral) and Terbutaline (cationic, zwitterion, and anionic) species were calculated in water at the B3LYP/6-31+G(d) level of the theory, using Tomasi's model. Table 1 summarizes the variations of the total energy (kJ.mol -1 ) of the species per water molecule as a function of the total number of solvation water molecules. Figure 4 and Table 1 show the marked increase of the total energies of cations when the solvation increases.
The data show that the water, exerting its hydrogen-bond donor (HBD) capability, forms IHBs with the Chlorthalidone and Terbutaline species [47] . These hydrogen bonds can be classified as strong, moderate, and weak, according to their lengths, angles, and energies [45] .
First Ionization Constant of Chlorthalidone and Terbutaline
It was chosen that in alkaline solutions Chlorthalidone suffers a reaction of partial neutralization as follows: [18] In (11) and (17) and also (12) and (18), was obtained the reaction of Equations (19) and (20) , which define the first ionization constant of Chlorthalidone (K al ) and Terbutaline (K bl ): 
It is obvious that:
The Previous equations were applied to determine theoretically the value of the first ionization constant of Chlorthalidone and Terbutaline in water. Table 3 Evidently, the formation of the Chlorthalidone cation (+1) implies that the electronic density of the N22 atom decreases notably (in absolute value) with respect to the N22 atom of the Chlorthalidone cation (+2) ( Table 3) . Also, the formation of the Terbutaline zwitterion implies that the electronic density of the N10 atom increases notably (in absolute value) with respect to the N10 atom of the Terbutaline cation as shown Table 4 . It can be observed that the p K1 value (Chlorthalidone and Terbutaline) theoretically calculated (pK 1 = 9.26 and 8.85) is relatively comparable with the experimentally determined pKa (pK a1 = 8.98 and 8.79) [42] .
Second Ionization Constant of Chlorthalidone and Terbutaline
It was chosen that the HL + (H 2 O) cation (for Chlorthalidone) and the H 2 L zwitterion (for Terbutaline) suffer a total neutralization as follows:
In this Reaction 23, L(H 2 O) 2 is the neutral Chlorthalidone solvated with two water molecules. a K C1 and K C2 , equilibrium constants of equations; K a1 and K a2 , first and second acidic dissociation constants of species in water; D, dihedral angle between the indicated atoms (Å); a 0 , bohr radius (Å); q, total atomic charge (Muliken) (au); r, bond lengths between the indicated atoms; d, distance of the IHB between the indicated atoms (Å); A, H-bond angles (°). Also, in reaction 24, HL -(H 2 O) represents the Terbutaline anion solvated with one water molecule. By incorporating Equations (11) and (23) as well as (12) and (24), were obtained the reaction of Equations (25) and (26):
The equilibrium constant K a2 and K b2 that characterizes the above reactions, are as follows:
These equations were used to determine theoretically the value of the second ionization constant of Chlorthalidone and Terbutaline in water. Table 3 Tomasi's method in water at 298.15 K. Evidently, the formation of the neutral Chlorthalidone implies that the electronic density of the N9 atom decreases notably (in absolute value) with respect to the N9 atom of the Chlorthalidone cation (+1), as shown Table 3 . Also, the formation of the Terbutaline anion implies that the electronic density of the N10 atom decreases notably (in absolute value) with respect to the N10 atom of the Terbutaline zwitterion (Table 4) .
It can be observed that the p K2 value (Chlorthalidone and Terbutaline) theoretically calculated (p K2 = 10.96 and 9.93) is relatively comparable with the experimentally determined pKa (pK a2 = 10.82 and 9.54) [42] .
Third Ionization Constant of Terbutaline
Also, it is selected that the HL -anion suffers a total neutralization process as follows:
In the above reaction, L -2 represents the second anion of Terbutaline. The reaction described in Eq. (25) is characterized by another equilibrium constant, K C3 , which was also theoretically determined. By combining Equations (12) and (29), the Third ionization reaction of Terbutaline was obtained:
The third ionization constant (K a3 ) that characterizes the above reaction is associated with constants K C3 and K N3 by Equation 31:
The above equation was used to determine theoretically the value of the third ionization constant of Terbutaline in water. Table 4 (Table 4) .
It can be observed that the pK b2 value theoretically calculated (pK b3 = 10.88) is relatively comparable with the experimentally determined p Kb (pK b3 = 10.45) [42] .
The molecule of water originated from the acidbase reaction, together with the hydration water molecule of the Chlorthalidone and Terbutaline, and these are the molecules of water that interact with the Chlorthalidone and Terbutaline molecules by means of IHBs. Figure 5a shows that the distance and bond angle formed by the involved atoms (H35O36, O36H35N22) in the IHB are 1.63926 Å and 176.57410, respectively. According to ref 45 and 48, The IHB of this cation is moderate. Similarly, the IHB of the Chlorthalidone cation (+1), the neutral Chlorthalidone and zwitterion of Terbutaline belongs to the moderate closely to weak. Also, the IHB of the anions of Terbutaline belongs to the moderate closely to strong, as shown in Tables 3 and  4 . Finally, it must be noted that IHB data can be use in the design of benefit and economical nanodrugs that are very useful in the treatment of disease.
CONCLUSIONS
In this study, we showed the possibility of a theoretical method that uses pH values to determine the ionization constants of Chlorthalidone and Terbutaline. Also, the autoprotolysis constants calculated with an acceptable degree of accuracy. With this purpose, we selected various acid-base reactions that take into account the solvation of the hydrogen, hydroxyl ions, and other cations or anions in protic solvents such as water, which possess a high hydrogen-bond-donor capability. The calculations performed at the B3LYP/6-31+G(d) levels of theory using Tomasi's method allowed us to prove that cations, neutral molecules, and anions form IHBs with some molecules of water. The autoprotolysis constants theoretically show a suitable agreement with the autoprotolysis constants experimentally determined by the CE 
